Background: Health research is conducted with the expectation that it advances knowledge and eventually translates into improved health systems and population health. However, research findings are often caught in the know-do gap: they are not acted upon in a timely way or not applied at all. Integrated knowledge translation (IKT) is advanced as a way to increase the relevance, applicability and impact of research. With IKT, knowledge users work with researchers throughout the research process, starting with identification of the research question. Knowledge users represent those who would be able to use research results to inform their decisions (e.g. clinicians, managers, policy makers, patients/families and others). Stakeholders are increasingly interested in the idea that IKT generates greater and faster societal impact. Stakeholders are all those who are interested in the use of research results but may not necessarily use them for their own decision-making (e.g. governments, funders, researchers, health system managers and policy makers, patients and clinicians). Although IKT is broadly accepted, the actual research supporting it is limited and there is uncertainty about how best to conduct and support IKT. This paper presents a protocol for a programme of research testing the assumption that engaging the users of research in phases of its production leads to (a) greater appreciation of and capacity to use research; (b) the production of more relevant, useful and applicable research that results in greater impact; and (c) conditions under which it is more likely that research results will influence policy, managerial and clinical decision-making.
Methods:
The research programme will adopt an interdisciplinary, international, cross-sector approach, using multiple and mixed methods to reflect the complex and social nature of research partnerships. We will use ongoing and future natural IKT experiments as multiple cases to study IKT in depth, and we will take advantage of the team's existing relationships with provincial, national and international organizations. Case studies will be retrospective and prospective, and the 7-year grant period will enable longitudinal studies. The initiation of partnerships, funding processes, the research lifecycle and then outcomes/impacts post project will be studied in real time. These living laboratories will also allow testing of strategies to improve the efficiency and effectiveness of the IKT approach.
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Background
Health research is conducted with the expectation that it advances knowledge and eventually translates into improved health systems and population health. However, research findings are often caught in the know-do gap: they are not acted upon in a timely way or not applied at all. The failure to put research findings into action is therefore a major societal issue and contributes to the estimated $200B (USD) of wasted research funding because the full potential of research was not realized [1] .
The magnitude of the know-do gap has stimulated governments and research funders around the globe to recognize the importance of the active translation of research into action [2] . Where historically the problem of research underutilization was considered simply a dissemination failure (knowledge users unaware of research), some now suggest this gap results from knowledge production failures (not producing research addressing knowledge user problems).
A widely recognized and accepted tenet of knowledge translation is the integration of knowledge users throughout the research process. Integrated knowledge translation (IKT) is advanced as a way to increase the relevance, applicability and impact of results [3, 4] . It shares common principles with many collaborative research approaches: co-production of knowledge, participatory research, linkage and exchange, Mode 2 knowledge production, engaged scholarship and community-based participatory research [5] [6] [7] [8] [9] [10] .
This approach proposes researcher/knowledge user collaboration as a key step in achieving societal impact and a way for society to speak to science. IKT shifts from a paradigm where the researcher is expert to one where researchers and knowledge users are both experts bringing complementary knowledge and skills to the team. They collaborate on issue-driven research with the expectation the research will generate implementable solutions to long-standing problems [11] . With IKT, the knowledge users work with researchers throughout the research process, starting with identification of the research question-they are actively engaged in the governance, priority setting and conduct of the research. Knowledge users represent all those who would be able to use research results to inform their decisions (clinicians, managers, policy makers, patients/families and others). Increasingly, stakeholders (governments, funders, researchers, health system managers and policy makers, patients and clinicians) are showing interest in the idea that IKT generates greater and faster societal impact. Stakeholders include all those with an interest in the issue or research, some of whom (knowledge users) are in a position to make direct use of the research in decision-making while other stakeholders are not but nevertheless want the issues and problems addressed.
Research funders have also been considering how to increase the impact of the research that they fund and their role in knowledge translation [2, [12] [13] [14] . 'Integrated knowledge translation' is a Canadian research funder innovation, initially advanced by the Canadian Health Services Research Foundation [6] and referred to as Knowledge Exchange in the late 1990s/early 2000s. The concept was adopted and refined at the Canadian Institutes of Health Research which coined the term integrated knowledge translation in the first decade of 2000s [15] . To promote the concept of partnered research, these organizations created funding opportunities that required collaboration between researchers and knowledge users. [21] [22] [23] [24] [25] . Interest in this concept has also been demonstrated recently by publication of papers and commentaries on the topic in at least one journal [3, [26] [27] [28] [29] [30] [31] .
Although IKT is broadly accepted, the actual research supporting it is limited and there is uncertainty about how best to conduct and support IKT. A limited number of scoping, realist and other reviews suggest there is value of researchers and knowledge users working collaboratively and others are underway [32] [33] [34] [35] . Emerging scholarship focusing on participatory action research [8, 36] , the UK CLAHRCs [37] [38] [39] [40] [41] [42] and CIHR's evaluation of its IKT programmes [43, 44] , is beginning to support the claims that IKT may lead to increased knowledge user capacity to use research; produce research that is more useful to knowledge users; increase the use of research in practice, health systems and policy decisions; and improve patient and health system outcomes. Studies are appearing describing how research partnerships work [45] [46] [47] . There is some evidence to suggest that in these collaborative research partnerships, researchers are the ones who benefit more by learning about the knowledge users' context [11, 48] . Other studies reveal engagement of knowledge users can influence researchers' approaches to research and the review of grants [49, 50] . However, the evidence is not yet conclusive on the impacts of IKT. At least one survey study failed to find an association between researcher/knowledge user engagement and research utility [51] , suggesting that the factors determining effective IKT have yet to be clearly identified. Knowledge of IKT among researchers varies [52] , and there is limited evidence about how researchers and knowledge users should go about collaborating. Despite the slim evidence base, stakeholder enthusiasm for IKT continues to grow. The expectation of enhanced impacts from IKT has seldom been critically assessed nor has the research partnering process been systematically studied. In response, Gagliardi and colleagues have recently suggested a research agenda for IKT [53] .
The proposed research will build the science base for IKT, determine its effectiveness at increasing research use and identify best practices and appropriate conditions for conducting IKT to achieve the greatest impact on research use. The goals, objectives and outputs of the 7-year research programme are described in Table 1 .
Conceptual framework guiding the research programme
This research programme is informed by four main conceptual frameworks: (a) the Rycroft-Malone et al. 1. Describe researcher and knowledge user partnerships and the conditions under which these partnerships succeed or fail. 2. Identify research funding mechanisms designed to support IKT and explore their effect on knowledge user engagement in research. 3. Identify how university (dis)incentives influence researcher involvement in IKT. Potential outputs: The knowledge generated will be immediately relevant to four groups: knowledge users and their organizations needing more relevant research, researchers wanting to do IKT, universities wanting to encourage IKT by faculty and funders wishing to make informed decisions about their policies and investments in support of IKT. The cumulative knowledge generated will fundamentally enhance our understanding of how and why researcher/knowledge user collaborations work and provide information on how to maximize the use of IKT as a strategy to address the underutilization of research. framework for collaborative research (FCR) [38, 42] , (b) the Research Impact Continuum (RIC) translational framework [54] , (c) the Knowledge to Action framework (KTA) for implementation [55, 56] and (d) the Gifford model of leadership [57, 58] .
The FCR identifies nine domains influencing knowledge use and impact stemming from researcher/knowledge user collaborations: knowledge and knowledge production, facilitation, patient and public involvement, knowledge sharing and exchange, geography, actors/ agents, temporality, architecture of the knowledge user organization and its processes and context (the interconnecting and supporting relationships between all these domains). The RIC distinguishes between research and the practice of translation, highlights the role of research in translation, including IKT, and focuses attention on research impact. Indicators of success/impact guided by the RIC framework [54] include advances in knowledge (e.g. discoveries, publications), capacity enhancement (e.g. new HQP, trainees, researchers, knowledge users with IKT skills), health system and policy impacts (e.g. use of programme findings in decision-making). The KTA framework highlights the interplay between knowledge creation and application and identifies key components required for planned action. The Gifford leadership framework specifies the leadership and management behaviors that positively influence knowledge translation, including relation-oriented behaviors (supporting, developing, recognising others), change-oriented behaviors (visioning, providing direction, building coalitions) and task-oriented behaviors (clarifying roles, monitoring and procuring resources).
Methods/design
The approach to this Canadian Institutes of Health Research 7-year foundation grant is interdisciplinary and cross-sectoral, using multiple and mixed methods that best reflect the complex and social nature of research partnerships. Knowledge users are full members on the research programme and individual project teams and will continue to be actively involved in every step of the research process. To allow the research programme to be more inclusive than those listed on this proposal, the programme is organized as a researcher/knowledge user network known as the Integrated Knowledge Translation Research Network: Doing Research with the People Who Use it (https://iktrn.ohri.ca).The network has been specifically designed to include researchers interested in IKT who include early career, mid-career and senior researchers (referred to as IKT experts, currently n = 40); IKT trainees (currently n = 16), knowledge user experts from research funding agencies; charities; health services and health authorities and other organizations (currently n = 31); and a methods resource group comprising knowledge translation and implementation science experts (currently n = 11). When feasible to do so, we will use an IKT approach within the projects to expand the team's experiential knowledge of IKT mechanisms. All projects are guided by programme goals and objectives. Table 2 presents the programme work streams along with their objectives, rationale, research questions, level of partnerships and outputs.
Several knowledge syntheses are proposed to increase understanding of the concept of IKT (projects 1a-b), how IKT works and with what impact (projects 1c-d) and to identify tools to evaluate the partnering process (project 1e). A novel aspect of the research is that three initial multiple-case studies (projects 2a-c) anchor the programme during the first half of the grant. The case studies are both retrospective and prospective and will provide data and knowledge on how IKT works, its impact and the degree of engagement required to optimise impact. The case studies will provide insight into IKT partnerships at two levels: The case studies will be complemented with other projects focusing on other aspects of IKT and other programme objectives. For example, project 3a is intended to capture the network members' and organizations' experiential knowledge about working in an IKT way while project 3b is about network members reflecting on the field and identifying where the science should focus. Several studies focus on funder programmes to promote research undertaken using an IKT approach (projects 4a-d). Other studies focus on the perspective of an organization that becomes the partner in an IKT project (projects 5a-b) or the perspective of the researcher or university (projects 6a-b). Project 7 is designed to develop and test an IKT questionnaire. Finally, projects 8a-d are about IKT tools and developing training modules for researchers and knowledge users. We anticipate that research questions generated from projects will subsequently be embedded into future case studies as this will be an efficient way to study these topics without having to launch new stand-alone studies.
More case studies will be added as the grant proceeds. Several knowledge user partners are already identifying opportunities to study IKT 'in the field' , and the project Case studies Objective: to amass evidence on the process of IKT and its impact Rationale: given that an experimental study design will never be feasible or practical to use to determine the effectiveness of integrated knowledge translation or to understand how it works, Rationale: given that IKT is as relatively recent phenomenon and that little knowledge has been codified about how to do IKT, we believe much can be learned from those using this approach. We will be eliciting case stories from network members (researchers and knowledge users) about their experiences working in an IKT way.
To focus discussion and research in the field, we will be generating a number of concept papers that identify areas in need of greater conceptualization or research. Objective: to understand IKT and its impact by studying funded studies that required the use of an IKT approach.
Rationale: important sources of data on integrated KT are studies funded through IKT funding opportunities that require knowledge user partnerships. Much can be learned from these studies about how IKT was operationalized, how the research was conducted, the experiences of researchers and knowledge users working in partnership and the results of the study. These IKT studies will also be used to study the effectiveness of these studies by identifying and analyzing their effects and impacts. Given our many knowledge user partners are research funders, we intend to exploit opportunities to identify funded IKT studies so that we may study them. Rationale: much of the literature on researcher/knowledge user partnerships has focused on the individual who is the knowledge user partner rather than the organization that individual. Our assumption is that one of the next frontiers in IKT will focus on organizations as knowledge user partners so it is imperative to understand the partnering experiences and expectations of knowledge user organizations. Researcher and university-focused studies Objective: to understand the implications of using an IKT approach for researchers. Rationale: researchers report that universities tend not to incentivize researchers to do IKT and that performance metrics seldom value partnerships with knowledge users. For example, impact citation metrics are highly valued where efforts to develop, nurture and sustain partnerships with knowledge users may not be. Few data actually exist on how university performance expectations support or discourage IKT. These data could be used to highlight university barriers to IKT and encourage discussion of these barriers. IKT tools and capacity building Objective: to develop IKT tools and training materials for researchers and knowledge users and to increase researchers' and knowledge users' capacity for IKT.
Rationale: the use of IKT will not increase unless researchers and knowledge users acquire knowledge about IKT and the skills to partner and work together. Building this capacity will be even more needed should studies demonstrate the value of IKT. structure enables timely incorporation of these opportunities into the programme. In years 2-3 of the grant, future case studies will be initiated. Initial criteria for selecting new projects will include addressing knowledge gaps identified in the programme's ongoing studies, prioritization of future studies by knowledge users and the Advisory Committee and feasibility. Towards year 4, intervention studies will be launched to test theorybased strategies to improve research partnering and build health organization capacity for research partnering and research use. Finally, a meta-synthesis of findings from all projects will be completed to discern patterns and differences between different knowledge user groups (patients, clinicians, managers, policy makers), organizations (healthcare delivery institutions, health authorities, ministries of health, health research funders) and contexts and to develop materials to facilitate IKT and uptake of the findings. Team members are very interested in executives/managers, who have great potential to activate organizational change for research-informed decision-making but are understudied.
Training
Objective 2 of goal 4 is about creating a training environment for IKT research and supervising and mentoring graduate students and postdoctoral trainees and colleagues. To achieve this objective, the programme has an innovative and bold plan. We have incorporated funding to support one postdoc, two PhD and two master's students a year. This will produce five to seven master's, two to three PhDs and three to four postdocs over the life of the grant with expertise in the science and art of IKT. The CIHR KT evaluation [44] revealed that IKT projects are more likely to develop more highly qualified personnel per $100k grant than a grant of the same value in the open competition ([15], Table 2 p6) . Given the value of producing the next generation of KT scholars, we have also included student/trainee stipends to facilitate the involvement of students in as many of our projects and professional networks as possible. Over the life of the grant, this represents 35-40 studentships. We will also develop short internet training modules on various aspects of IKT for researchers and knowledge users.
The programme will also fund one to two researcher/ knowledge user internships/year (eight over the course of the grant). These will be for graduate students and postdoctoral trainees to spend 3 months sharing their research expertise with one of our knowledge user organization partners while they learn about policy making in the real world. This is an efficient way for trainees to learn about policy making while at the same time exposing the organizations to researchers in training. The internship programme will be modeled after CIHR's Science-Policy Fellowships developed by IDG when he was at CIHR (https://www.canada.ca/en/health-canada/ services/science-research/career-resources/fellowship-programs/science-policy-fellowships-program.html, Accessed 22 Dec 2017). Interns will be assigned both an academic and policy maker mentor.
Governance and strategies to reduce risk to the research programme A governance structure is in place to ensure an enduring focus on excellence, flexibility and ability to capitalize on emerging opportunities and help the programme remain on track. An Executive Committee, chaired by a Program Leader (Scientific Director-IDG), will be responsible for day-to-day operations. It will include the Deputy Scientific Director (AK), two researchers, two knowledge users, one trainee and one research associate. Sub-committees responsible for science (IKT theory, methods and measures), impact (network performance monitoring) and training will provide leadership in these areas. The impact committee will convene an impact workshop with the project leaders to produce a logic model or theory of change for the network and determine how to collect data to test it. An international Advisory Committee (AC) comprising knowledge users and IKT experts will provide guidance on all aspects of the programme, annually review the performance of programme projects and suggest strategies to reduce risk of bias in study design, data analysis and interpretation. Terms of reference for all committees will be finalized in collaboration with members and reviewed annually. The research programme team will use a collaborative decision-making approach.
We have designed the programme so that no one project carries all the intellectual weight of the programme putting the programme at risk should it fail. The breadth, nature and number of projects is one riskmitigating strategy-the whole is greater than the sum of its parts. Other strategies to ensure success including a formalized process for prioritization, peer-review, optimization of quality and monitoring project progress will be developed to ensure only the best, most relevant projects are advanced. Each project will be required to have a written proposal which will be reviewed by the Advisory Committee in terms of its relevance to the programme's objectives; potential to generate new knowledge, study design and methods; potential to achieve the intended outcomes/impact; and resources required.
Monthly team teleconferences and one annual face-toface meeting will maintain team cohesiveness and momentum and facilitate knowledge sharing. Team meetings, along with the annual review of projects by the Advisory Committee, will identify challenges faced by projects and marshal the collective wisdom of the team and/or Advisory Committee to overcome them. The diversity of the team and the richness of its content and scientific and knowledge user expertise will be a considerable asset for finding mitigating strategies.
Research programme limitations
The most significant limitation relates to the initial use of observational and quasi-experimental study designs. Given the focus on research partnerships, we expect that researchers and knowledge users will not be sympathetic or agreeable to experimental study designs that would require being randomized to use an IKT approach. However, to maximize overall scientific rigor, the research programme will rely on mixed methods and triangulation of findings and strive to select the most rigorous study designs for individual projects. For example, the use of both retrospective and prospective case studies is preferable to using only retrospective case studies. Another example is that we will be studying the influence of funded IKT studies by comparing the resulting impacts with the impacts of curiosity-driven research (essentially a non-randomized control group). We also anticipate that rigor will be increased by including projects that involve different types of knowledge users (e.g. patients, indigenous groups, clinicians, health services decision-makers, funders, etc.) and examine different levels of partnership (e.g. project, health authority, etc.). These settings will allow us to describe dominant patterns across varied arrangements, thereby enhancing the generalisability of the work. During the course of the 7-year lifespan of the programme, we also expect to build on the lessons learned from the first wave of studies and propose and conduct more rigorous and methodologically innovate projects in subsequent waves. We also anticipate that in future prospective case studies, we will be able to introduce and evaluate interventions to improve partnering.
Knowledge translation
Our KT strategies consist of two approaches: IKT and end-of-project KT/knowledge mobilization. In keeping with the focus on integrated knowledge translation, the Integrated Knowledge Translation Research Network will use an IKT approach in all of its studies to ensure the projects address the issues of concern of our knowledge user partners and hopefully produce useful findings that can be acted upon by our and other knowledge users.
Our end of project KT activities will be guided by the CIHR's Guide to Knowledge Translation Planning [69] . For academic audiences, we will produce peer-reviewed journal articles for relevant journals. For knowledge user and stakeholder audiences, we will use a number of strategies to disseminate our work. To facilitate dissemination, we will create a website for the network that will house all the tools and products we produce. We will create a web blog that will serve as a vehicle for early dissemination of findings, engaging the public and crossfertilizing our ideas with each other and scientists in other areas. We will use social media (e.g. Twitter) to create a presence of the IKT Research Network. We will also use a newsletter to inform audiences about our activities and to disseminate findings.
The suite of training materials, tools and sessions described above will be available online to help researchers and knowledge users build their capacity to engage in IKT. Another Network KT strategy for disseminating findings and capacity building in IKT will be the hosting of a bi-annual symposium on the State of the Art and Science of IKT. The symposium may occur around an annual meeting of the Canadian Association of Health Services and Policy Research (CAHSPR), KT Canada's annual general meeting or another conference. The purpose of these symposia will be to create a forum for knowledge users and researchers to share their experiences with partnering, present findings from the latest research on how best to undertake collaborative research, explore opportunities for working together/ network development and offer skill-building seminars and workshops on doing IKT, strategies for effective research partnerships and maintaining relationships.
We also intend to host events similar to the CIHR Best Brains Exchanges [70] with the National Alliance for Provincial Health Research Organizations (NAPHRO), the Health Charities Coalition of Canada, health sector organizations and the Canadian research Tri-Councils (Canadian Institutes of Health Research, Social Sciences and Humanities Research Council, National Science and Engineering Research Council) around the research programme findings. These exchanges will bring together researchers and policy makers/administrators in a relaxed and confidential environment to discuss IKT research and its policy implications. We will include trainees in these events so they can learn how they work, how to host them and to make connections with policy makers, health system managers and funders.
Discussion
We have proposed the first interdisciplinary, systematic and programmatic research endeavor and network focusing on IKT. The research programme was developed and will be executed with knowledge user organization executives, managers, policy makers, clinicians and patients. We will ground the programme in knowledge generated through systematic, scoping and realist reviews. Taking advantage of our pre-existing productive relationships with provincial, national and international organizations, we will use ongoing and future natural IKT experiments as multiple case studies in order to study IKT in depth. Case studies will be retrospective and prospective as the 7-year grant timeline will enable us to undertake prospective longitudinal studies of IKT. We will study, in real time, the initiation of partnerships, funding processes, the research lifecycle and then outcomes/impact post project. In the latter years of the programme, we anticipate that these living laboratories [71] will also facilitate testing of strategies to improve the efficiency and effectiveness of the IKT approach. The research will also provide scientific evidence on how to reliably and validly measure collaborative research partnerships and their impacts. Built into the programme is a vibrant training and mentoring environment for trainees and researchers interested in the science of IKT and its application.
By conducting a meta-synthesis of multiple case studies and other strategic studies undertaken during the early years of the programme, we will be able to demonstrate how IKT works, under which circumstances and with which knowledge user groups. We will determine what IKT can and cannot do and learn how researchers and knowledge users develop and maintain research partnerships. When available, we will assess the impact of IKT on health system and patient outcomes. We will also ascertain how to promote IKT among knowledge users/knowledge user organizations and researchers. Significant potential and timely opportunities exist for improving how IKT is practiced and supported. By better understanding IKT, developing instruments to measure it and its impact, and designing effective strategies that support IKT, we will be positioned to improve knowledge translation and more thoroughly reap the benefits of research. 
